ANGLE SENSOR 



BACKGROUND OF THE INVENTION 

[01] This invention relates to an angle sensor. For more detail, the invention relates 

to an angle sensor using a magnetoelectric conversion element. 

Prior Art 

[02] Up to now, a rotational angle displacement sensor which uses a Hall effect as 

a detecting element is known as an angle sensor for detecting a rotational angle (for 
example, Japanese Patent Application Laid-Open Publications No. 61-75213 and No. 
62-291502). The rotational angle displacement sensor of this kind excels in that a 
rotational angle can be detected in non-contact condition. 

[03] Figs. 21 and 22 show a plan view and a cross sectional view of a prior 

rotational angle displacement sensor for detecting a rotational angle displacement of a 
rotational axis. In Fig. 22, a rotational angle displacement sensor 51 includes a 
rotational axis portion 52 as a rotational member, a yoke 53 and a permanent magnet 
54. The rotational axis portion 52 is connected to a detected rotational axis (not 
shown) in a body and rotates around an axial center (Z axis) with the detected 
rotational axis. 

[04] The yoke 53 is a cylindrical member with a bottom portion which is formed on 

a top end of the rotational axis portion 52. A central axial line of a cylindrical portion 
53a is coincided with the axial center (Z axis) of the rotational axis portion 52. The 
cylindrical portion 53a rotates around the central axial line (Z axis) in a body with the 
rotation of the rotational axis portion 52. 

[05] The cylindrical permanent magnet 54 is fixed to an inner side surface of the 

cylindrical portion 53a. A central axial line of the permanent magnet 54 is coincided 
with the axial center (Z axis) of the rotational axis portion 52. Accordingly, the 
permanent magnet 54 rotates around the central axial line (Z axis) in a body with the 
rotation of the rotational axis portion 52. 

[06] The cylindrical permanent magnet 54 is magnetized in such a manner that the 

front side (lower side in Fig. 21) is a N pole and that the rear side (upper side in Fig. 
21) is S pole. A magnetic field which forms a magnetic flux heading from the N pole 
to the S pole is generated in the cylindrical portion of the magnet 54 as shown by 
broken line arrow. A characteristic curve shown by X mark in Fig. 4 is a diagram 



which shows the magnetic flux density distribution on a X axis line (right and left 
direction) in the cylindrical portion of the permanent magnet 54 under the condition 
shown in Fig. 21. A characteristic curve shown by X mark in Fig, 5 is a diagram 
which shows the magnetic flux density distribution on a Y axis line (front and rear 
direction) in the cylindrical portion of the permanent magnet 54 under the condition 
shown in Fig. 21. 

[07] In a space of the cylindrical portion of the permanent magnet 54, a Hall 

element 55 as a magnetoelectric conversion element is disposed. A center of the Hall 
element 55 is coincided with the central axial line (Z axis) of the permanent magnet 
54 and the Hall element 55 is arranged along the Y axis direction (front and rear 
direction) under the condition shown in Fig. 21. The direction of magnetism which 
the Hall element 55 detects is in parallel with the X axis direction in Fig. 21. When 
the permanent magnet 54 rotates around the central axial line (Z axis), the relative 
position between the permanent magnet 54 (N, S poles) and the Hall element 55 
changes. The Hall element 55 detects this change of the relative position. The Hall 
element 55 outputs a detect signal corresponding to the variation of the relative 
position, namely the rotational angle. 

PROBLEM THAT THE INVENTION IS TO SOLVE 

[08] Meanwhile, in the rotational angle displacement sensor 51, the variation of the 

relative position between the Hall element 55 and the permanent magnet 54, so called, 
an axis deviation generates structurally easily by the measuring error of the rotational 
axis portion 52 and so on, the mounting error of the Hall element 55 and so on or the 
temperature change or the wear. This axis deviation makes the detection by the Hall 
element 55 generate an error and the detecting accuracy deteriorates. 

[09] Namely, under the condition shown in Fig. 21, the variation of the magnetic 

flux density distribution in the cylindrical portion of the permanent magnet 54 
increases as the distance relative to the magnetic poles of the permanent magnet 54 
decreases on the basis of the central axis (Z axis). Especially, the variation of the 
magnetic flux density distribution in the Y axis direction shown in Fig. 5 is larger than 
the variation of the magnetic flux density distribution in the X axis direction shown in 
Fig. 4. For example, in Fig. 5, when the disposed position of the Hall element 55 is 
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shifted from the center, the variation of the magnetic flux density becomes extremely 
large amount. 

[10] Accordingly, when the relative position between the Hall element 55 and the 

permanent magnet 54 is changed, the variation of the magnetic flux density becomes 
large and the large variation appears as a detection error. Therefore, it is desired to 
reduce the variation of the magnetic flux density in the X axis and the Y axis 
directions as much as possible. Namely, it is desired to equalize the magnetic flux 
density. Because, in case of that the magnetic flux density is equalized, even if the 
axis deviation generates, the variation of the magnetic flux density is small and the 
detection error can be reduced. 

[11] Further, in the cylindrical permanent magnet 54, the variation of the magnetic 

flux density in the Z axis direction is also large. Accordingly, in case of that the 
relative position in the Z axis direction also changes, similar problems occur. 
Therefore, it is desirable that the magnetic flux density distribution is also equalized 
in the Z axis direction. Then, a permanent magnet which equalizes the magnetic flux 
density distribution is suggested (for example, Japanese Patent Application Laid-Open 
Publication No. 10-132506). 

[12] Figs. 18 and 19 shows a cross-sectional view of permanent magnets 56, 57 

which equalize the magnetic flux density distribution in the Z axis direction. In the 
permanent magnet 56, a circular groove 56b which constitutes a magnetic flux density 
distribution correction portion is formed on an inner circumferential surface 56a. 
Further, in the permanent magnet 57, circular projecting portions 57b which constitute 
a magnetic flux density distribution correction portion are formed at both end portions 
of an inner circumferential surface 57a. Fig. 20 shows characteristic curves of the 
magnetic flux density distribution on the Z axis. The characteristic curve shown by X 
mark is a characteristic curve of the permanent magnet 54 which none is given on the 
inner circumferential surface and the characteristic curve shown by # mark is a 
characteristic curve of the permanent magnets 56, 57 which the magnetic flux density 
distribution correction portion is formed on the inner circumferential surface. Namely, 
the variation of the magnetic flux density distribution on the Z axis of the permanent 
magnets 56, 57 which the magnetic flux density distribution correction portion is 
formed is smaller than that of the permanent magnet 54 which the magnetic flux 
density distribution correction portion is not formed. 
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[13] In case of the permanent magnets 56, 57 which equalize the magnetic flux 

density distribution on the Z axis by the correction of the form, however, since the 
form of the magnets is specific, high technique is required for manufacturing the 
magnets and therefore the manufacturing cost is increased. Namely, in case of that the- 
permanent magnets 56, 57 are made of sintered magnet, a pressing die is required for 
pressing the magnet powder and it is difficult to die-cut. Further, it is very difficult to 
accurize the measure of the magnet after sintering. Further, in case of that the 
permanent magnets are made of plastic magnet, the forming die is also required and it 
is also difficult to die-cut. Therefore, it is necessary to cut the inner circumferential 
surface after the forming of the cylindrical magnet for manufacturing the permanent 
magnets 56, 57 and the manufacturing cost is increased. 

SUMMARY OF THE INVENTION 

[14] The present invention is done for overcoming the above problems and an 

object thereof is to provide an angle sensor which can equalize the magnetic flux 
distribution while using inexpensive magnets manufactured easily and which can 
reduce the detection error even if the relative position between the magnetoelectric 
conversion element and the magnet changes. 

[15] The invention provides an angle sensor comprising; a cylindrical magnet fixed 

to a rotational member and rotating with the rotation of the rotational member; and a 
magnetoelectric conversion element disposed in magnetic field generated by the 
magnet and outputting an electric signal corresponding to the magnetic field; wherein 
a magnetic flux density distribution correction portion is formed on an outer 
circumferential surface of the magnet. 

[16] The invention also provides an angle sensor comprising; a cylindrical magnet 

fixed to a rotational member and rotating with the rotation of the rotational member; 
and a magnetoelectric conversion element disposed in magnetic field generated by the 
magnet and outputting an electric signal corresponding to the magnetic field; wherein 
a magnetic flux density distribution correction portion is formed on an outer 
circumferential surface of the magnet. 

[17] According to the invention, two magnetic poles of one side are formed by two 

piece of the magnets and two magnetic poles of the other side are formed by other two 
piece of the magnets. And, the magnets forming the magnetic poles of one side and 



the magnets forming the magnetic poles of the other side are separated from each 
other and are fixed to the inner side surface of the tubular yoke. Thereby, the 
distribution of the magnetic flux density in the direction that runs at right angle to the 
rotational central axis of the rotational member in the tubular yoke being adjacent to 
the magnetoelectric conversion element is uniformed. 
[18] According to the invention, since the magnetic flux density distribution 

correction portion is formed on the outer circumferential surface of the magnet, it is 
able to uniform the distribution of the magnetic flux density in the direction of the 
rotational central axis of the rotational member. Further, it is able to die-cut easily at 
the forming of the cylindrical magnet. Therefore, the manufacturing of the magnet 
becomes easy and the manufacturing cost can be decreased. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[19] Fig. 1 is a plan view of the rotational angle displacement sensor of the first 

embodiment. 

[20] Fig. 2 is a cross sectional view of the rotational angle displacement sensor of 

the first embodiment. 

[21] Fig. 3 is a perspective view for explaining the form of the permanent magnet 

of the first embodiment. 

[22] Fig. 4 is a graph showing characteristic curves of the magnetic flux density 

distribution on the X axis obtained by simulation of the magnetic flux density 
distribution formed in the cylindrical portion of the first embodiment. 

[23] Fig. 5 is a graph showing characteristic curves of the magnetic flux density 

distribution on the Y axis obtained by simulation of the magnetic flux density 
distribution formed in the cylindrical portion of the first embodiment. 

[24] Fig. 6 is a plan view of the rotational angle displacement sensor of the second 

embodiment. 

[25] Fig. 7 is a graph showing characteristic curves of the magnetic flux density 

distribution on the X axis obtained by simulation of the magnetic flux density 
distribution formed in the cylindrical portion of the second embodiment. 

[26] Fig. 8 is a graph showing characteristic curves of the magnetic flux density 

distribution on the Y axis obtained by simulation of the magnetic flux density 
distribution formed in the cylindrical portion of the second embodiment. 



[27] Fig. 9 is a graph showing a relationship between the separating distance of the 

permanent magnet and the magnetic flux near the Hall element in the first 
embodiment. 

[28] Fig. 10 is a graph showing a relationship between the separating angle of the 

permanent magnet and the magnetic flux near the Hall element in the second 
embodiment. 

[29] Fig. 1 1 is a cross sectional view of the rotational angle displacement sensor of 

the third embodiment. 

[30] Fig. 12 is a cross sectional view of the cylindrical permanent magnet in the 

third embodiment. 

[31] Fig. 13 is a cross sectional view of the modification of the cylindrical 

permanent magnet. 

[32] Fig. 14 is a cross sectional view of the modification of the cylindrical 

permanent magnet. 

[33] Fig. 15 is a cross sectional view of the modification of the cylindrical 

permanent magnet. 

[34] Fig. 16 is a cross sectional view of the modification of the cylindrical 

permanent magnet. 

[35] Fig. 17 a cross sectional view of the cylindrical permanent magnet in the third 

embodiment. 

[36] Fig. 18 is a cross sectional view of the prior cylindrical permanent magnet 

structure. 

[37] Fig. 19 is a cross sectional view of the prior cylindrical permanent magnet 

structure. 

[38] Fig. 20 is a graph showing characteristic courve of the magnetic flux density 

distribution on the Z axis of the cylindrical permanent magnet. 

[39] Fig. 21 is a plan view of the prior rotational angle displacement sensor. 

[40] Fig. 22 is a cross sectional view of the prior rotational angle displacement 

sensor. 
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DETAILED DESCRIPTION OF THE INVENTION 

[41] Hereinafter, a first embodiment of a rotational angle displacement sensor 

which concretizes the present invention will be described with reference to Figs. 1 to 
5. 

[42] Figs. 1 and 2 show a plan view and a cross sectional view of the rotational 

angle displacement sensor for detecting a rotational angle displacement of a rotational 
axis. In Fig. 2, the rotational angle displacement sensor 11 as an angle sensor includes 
a rotational axis portion 12 as a rotational member, a yoke 13 made of magnetic 
material and four permanent magnet Mia, Mlb, M2a and M2b. The rotational axis 
portion 12 is connected to a detected rotational axis (not shown) in a body and rotates 
around an axial center (Z axis) with the detected rotational axis in a body. 

[43] The yoke 13 is an oval shaped tubular member with a bottom portion which is 

formed on a top end of the rotational axis portion 12. A central axial line of a tubular 
portion 13a whose cross sectional shape is an oval shape is coincided with the axial 
center (Z axis) of the rotational axis portion 12. Accordingly, the tubular portion 13a 
rotates around the central axial line (Z axis) in a body with the rotation of the 
rotational axis portion 12. The tubular portion 13 includes circular arc portions 14a, 
14b which are formed at the right and left side portions and flat wall portions 15a, 15b 
which are formed at the front and rear side portions in Fig. 1. 

[44] A pair of permanent magnets Mia and Mlb in the right and left direction are 

fixed on the inner side surface of the rear side flat portion 15a of the tubular portion 
13a. In Fig.l, the permanent magnets Mia and Mlb are symmetrically arranged with 
respect to the Y axis which runs at right angle to the Z axis and are fixed on the inner 
side surface of the rear side flat portion 15a. Each of the permanent magnets Mia and 
Mlb is a rectangular prism magnet 2 mm width (magnetized direction), 3 mm 
thickness and 5 mm height. Each of the permanent magnets Mia and Mlb is 
magnetized in such a manner that the rear side flat portion 15a side is N pole and that 
the opposite side is S pole. 

[45] On the other hand, a pair of permanent magnets M2a and M2b in the right and 

left direction are fixed on the inner side surface of the front side flat portion 15b of the 
tubular portion 13a so as to be opposite to the permanent magnets Mia and Mlb, 
respectively. The permanent magnets M2a and M2b are the same magnets as the 
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permanent magnets Mia and Mlb. Namely, the form and the strength of magnetic 
force are the same. 

[46] Accordingly, the permanent magnets Mia, Mlb, M2a and M2b are arranged 

symmetrically around the intersection of the X axis, the Y axis and the Z axis which 
intersect at right angles each other. Therefore, when the rotational axis portion 12 
rotates, the permanent magnets Mia, Mlb, M2a and M2b rotate around the Z axis. 
Further, a clearance L between the permanent magnets M2a and M2b is the same as a 
clearance between the permanent magnets Mia and Mlb. Further, a clearance 
between the permanent magnets M2a and Mia which are opposite each other is the 
same as a clearance between the permanent magnets M2b and Mlb and is 9 mm in 
this embodiment. 

[47] Further, each of the permanent magnets M2a and M2b is magnetized in such a 

manner that the front side flat portion 15b side is S pole and that the opposite side is N 
pole. Accordingly, a magnetic field which forms a magnetic flux heading from the 
permanent magnets M2a and M2b to the permanent magnets Mia and Mlb is 
generated in the tubular portion 13 as shown by broken line arrow. 

[48] In a space of the tubular portion 13a, a Hall element 16 as a magnetoelectric 

conversion element is disposed. A center of the Hall element 16 is coincided with an 
axial line (Z axis) passing a symmetrical point center of the permanent magnets Mia, 
Mlb, M2a and M2b and the Hall element 16 is arranged along the Y axis direction 
under the condition shown in Fig. 1. The direction of magnetism which the Hall 
element 16 detects is in parallel with the X axis direction in Fig, 1. 

[49] When the permanent magnets Mia, Mlb, M2a and M2b rotate around the 

central axial line (Z axis), the relative position between each of the permanent 
magnets Mia, Mlb, M2a and M2b and the Hall element 16 changes. The Hall 
element 16 detects this change of the relative position. The Hall element 16 outputs a 
detect signal corresponding to the variation of the relative position, namely the 
rotational angle. 

[50] At this time, the magnetic flux density distribution formed in the space in the 

tubular portion 13a equalizes by the permanent magnets Mia, Mlb, M2a and M2b. 
Namely, the permanent magnets Mia, Mlb, M2a and M2b separate from each other 
with the clearance L. Accordingly, since the permanent magnets Mia, Mlb, M2a and 
M2b are a rectangular prism respectively and separate from each other, the magnetic 



flux heading from the permanent magnets M2a and M2b to the permanent magnets 
Mia and Mlb does not concentrate at the central portion in the tubular portion 13a 
(near the Hall element 16) and is dispersed uniformly. As a result, the magnetic flux 
density distribution formed in the space in the tubular portion 13a is equalized. 

[51] Figs. 4 and 5 shows characteristic curves of the magnetic flux density 

distribution on the X axis and the Y axis which are obtained by the inspection based 
on the simulation of the magnetic flux density distribution formed in the tubular 
portion 13a by the permanent magnets Mia, Mlb, M2a and M2b. The characteristic 
curve shown by X mark is a characteristic curve of the prior cylindrical permanent 
magnet 54. The characteristic curve shown by • mark is a characteristic curve of the 
permanent magnets Mia, Mlb, M2a and M2b which are separated from each other 
with the clearance L of 3 mm. The characteristic curve shown by ▲ mark is a 
characteristic curve of the permanent magnets Mia, Mlb, M2a and M2b which are 
separated from each other with the clearance L of 4 mm. In Figs. 4 and 5, the 0 point 
of the horizontal axis shows the rotational center (Z axis) and the vertical axis shows 
the increasing and decreasing of the magnetic flux density on percentage with 
reference to the magnetic flux density on the rotational center (Z axis). 

[52] As evidenced by each characteristic curves, in case of that the clearance L is 3 

mm, the magnetic flux density distribution on the Y axis line and the X axis line is 
uniformed in comparison with the prior art. Further, in case of that the clearance L is 
4 mm, the magnetic flux density distribution on the Y axis line is further uniformed in 
comparison with the case of the clearance L of 3 mm. In case of that the clearance L 
is 4 mm, the magnetic flux density distribution on the X axis line falls below slightly 
in comparison with the prior art. 

[53] Accordingly, when the permanent magnets Mia, Mlb, M2a and M2b are 

disposed within the range of 3 mm to 4 mm of the clearance L, the magnetic flux 
density distribution on the Y axis line and the X axis line can be uniformed. 

[54] As mentioned above, according to the first embodiment, the following effects 

are obtained. 

[55] (1) Since a pair of rectangular prism permanent magnets Mia and Mlb in the 

right and left direction and a pair of rectangular prism permanent magnets M2a and 
M2b in the right and left direction are fixed on the rear side flat wall portion 15a and 
the front side flat wall portion 15b which are opposite each other while separating 



from each other, the magnetic flux density distribution on the X axis line and the Y 
axis line in the tubular portion 13 in which the Hall element 16 is disposed can be 
uniformed in comparison with the prior cylindrical permanent magnet 54. 

[56] Accordingly, even if the variation of the relative position between the Hall 

element 16 and the permanent magnets Mia, Mlb, M2a and M2b, so called, an axis 
deviation on the X axis line or the Y axis line generates by the measuring error of the 
rotational axis portion 12 and so on, the mounting error of the Hall element 16 with 
respect to the permanent magnets Mia, Mlb, M2a and M2b or the temperature 
change or the wear, it is able to reduce the detection error of the Hall element 16. 

[57] (2) The form of the permanent magnets Mia, M2a, M2a and M2b which 

are fixed to the rear side flat wall portion 15a and the front side flat wall portion 15b 
is rectangular prism or solid. Accordingly, it is able to manufacture the permanent 
magnet inexpensively and easily without requiring the high technique and therefore it 
is able to provide an inexpensive rotational angle displacement sensor 11. 

[58] Next, a second embodiment which concretizes the present invention will be 

described with reference to Figs. 6 to 9. This embodiment is characterized by 
arrangement of the permanent magnet. In Figs. 6 to 9, the other structures are the 
same as the structures of the prior rotational angle displacement sensor 51 shown in 
Fig. 21 and Fig. 22 and the same structures as compared with the prior rotational 
angle displacement sensor 51 are identified by the same reference numerals, and the 
descriptions of the same structures are partly omitted. 

[59] Fig. 6 shows a plan view of a rotational angle displacement sensor 21 as an 

angle sensor of this embodiment. Four permanent magnets Ml la, Ml lb, M12a and 
M12b are radially disposed in the cylindrical portion 53a of the yoke 53 of the 
rotational angle displacement sensor 21 and are fixed to the inner side surface of the 
cylindrical portion 53a. The width, thickness and height of each of the permanent 
magnets Ml la, Ml lb, M12a and M12b are the same as the first embodiment. In Fig. 
6, the first and second permanent magnets Ml la and Ml lb are disposed in the 
cylindrical portion 53a symmetrically with respective to the Y axis line which 
intersects with the Z axis at right angles. The first and second permanent magnets 
Ml la and Ml lb are fixed on a rear portion inner side surface of the cylindrical 
portion 53a and are separated from each other with an angle 29 Each of first and 
second permanent magnet Ml la and Ml lb is a magnet whose form is rectangular 
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prism or solid. The first and second permanent magnets Ml la and Ml lb are 
magnetized in such a manner that the side fixed to the yoke 53 (the fixed surface side) 
is N pole and that the side opposing to the fixed surface side is S pole. 

[60] On the other hand, In Fig. 6, the third and fourth permanent magnets M12a 

and Ml 2b are disposed in the cylindrical portion 53a symmetrically with respective to 
the Y axis line which intersects with the Z axis at right angles. The third and fourth 
permanent magnets Ml 2a and Ml 2b are fixed on the rear portion inner side surface of 
the cylindrical portion 53a and are separated from each other with an angle 29. Each 
of the third and fourth permanent magnet M12a and M12b is a magnet whose form is 
rectangular prism or solid. 

[61] The third and fourth permanent magnets M12a and M12b are the same 

magnets as the first and second permanent magnets Ml la and Ml lb. Namely, the 
form and the strength of magnetic force are the same. Accordingly, the permanent 
magnets Ml la, Ml lb, M12a and M12b are arranged symmetrically around the 
intersection of the X axis, the Y axis and the Z axis which intersect at right angles 
each other as shown in Fig. 6. Further, a clearance between the first permanent 
magnet Ml la and the fourth permanent magnet M12b is the same as a clearance 
between the second permanent magnet Ml lb and the third permanent magnet Ml 2a. 
In this embodiment, this clearance is set to 9 mm. Thus, when the rotational axis 
portion 12 rotates, the permanent magnets Ml la, Ml lb, M12a and M12b rotate 
around the Z axis. 

[62] In this embodiment, the form of each of the permanent magnets Ml la, Ml lb, 

M12a and M12b is rectangular prism or solid. However, the form of fixed surface side 
of each of the permanent magnets Ml la, Ml lb, M12a and M12b may be arc surface 
which is along the inner circumferential surface of the yoke 53. In this case, it is able 
to closely contact the yoke 53 with the permanent magnets Ml la, Ml lb, M12a and 
M12b. 

[63] Further, the third and fourth permanent magnets M12a and M12b are 

magnetized in such a manner that the side fixed to the yoke 53 (the fixed surface side) 
is S pole and that the side opposing to the fixed surface side is N pole. Accordingly, a 
magnetic flux heading from the third and fourth permanent magnets M12a and M12b 
to the first and second permanent magnets Ml la and Ml lb is formed in the 
cylindrical portion 53a as shown by broken line arrow. 
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[64] In a space of the cylindrical portion 53a, the Hall element 55 as a 

magnetoelectric conversion element is disposed. A center of the Hall element 55 is 
coincided with an axial line (Z axis) passing a symmetrical point center of the 
permanent magnets Ml la, Ml lb, M12a and M12b and the Hall element 55 is 
arranged along the Y axis direction under the condition shown in Fig. 6. The direction 
of magnetism which the Hall element 55 detects is in parallel with the X axis 
direction in Fig. 6. 

[65] When the permanent magnets Ml la, Ml lb, Ml 2a and Ml 2b rotate around the 

centra] axial line (Z axis), the relative position between each of the permanent 
magnets Ml la, Ml lb, M12a and M12b and the Hall element 55 changes. The Hall 
element 55 detects this change of the relative position. The Hall element 55 outputs a 
detect signal corresponding to the variation of the relative position, namely the 
rotational angle. 

[66] At this time, the magnetic flux density distribution formed in the space in the 

cylindrical portion 53a equalizes by the permanent magnets Ml la, Ml lb, M12a and 
Ml 2b. Namely, the permanent magnets Ml la and Ml lb and the permanent magnet 
Ml 2a and Ml 2b separate from each other with the angle 2 0 . Accordingly, since the 
permanent magnets Ml la, Ml lb, M12a and M12b are a rectangular prism 
respectively and separate from each other, the magnetic flux heading from the third 
and fourth permanent magnets Ml 2a and Ml 2b to the first and second permanent 
magnets Ml la and Ml lb does not concentrate at the central portion in the cylindrical 
portion 53a (near the Hall element 55) and is dispersed uniformly. As a result, the 
magnetic flux density distribution formed in the space in the cylindrical portion 53a is 
equalized. 

[67] Figs. 7 and 8 shows characteristic curves of the magnetic flux density 

distribution on the X axis and the Y axis which are obtained by the inspection based 
on the simulation of the magnetic flux density distribution formed in the cylindrical 
portion 53a by the permanent magnets Ml la, Ml lb, M12a and M12b. The 
characteristic curve shown by X mark is a characteristic curve of the prior cylindrical 
permanent magnet 54. The characteristic curve shown by ■ mark is a characteristic 
curve of the permanent magnets Ml la, Ml lb, M12a and M12b which the separating 

angle 2 0 is 55 degree. The characteristic curve shown by ♦ mark is a characteristic 
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curve of the permanent magnets Ml la, Ml lb, M12a and M12b which the separating 
angle 2 0 60 degree. The characteristic curve shown by # mark is a characteristic 
curve of the permanent magnets Ml la, Ml lb, M12a and M12b which the separating 
angle 2 0 64 degree. The characteristic curve shown by # mark is a characteristic 
curve of the permanent magnets Ml la, Ml lb, M12a and M12b which the separating 
angle 2 0 66 degree. The characteristic curve shown by A mark is a characteristic 
curve of the permanent magnets Ml la, Ml lb, M12a and M12b which the separating 
angle 2 0 70 degree. In Figs. 7 and 8, the 0 point of the horizontal axis shows the 
rotational center (Z axis) and the vertical axis shows the increasing and decreasing of 
the magnetic flux density on percentage with reference to the magnetic flux density 
on the rotational center (Z axis). 

[68] As evidenced by each characteristic curves, in case of that the separating angle 

2 0 60 to 70 degree, the magnetic flux density distribution on the X axis line is 
superior (the region in which the magnetic flux density is uniform is broad). Further, 
in case of that the separating angle 2 0 60 to 70 degree, the magnetic flux density 
distribution on the X axis line falls below slightly in comparison with the prior art, but 
the magnetic flux density distribution on the Y axis line is substantially superior in 
comparison with the prior art. 

[69] There is possibility that the deviation of the position of the Hall element 55 

generates in the X axis direction and Y axis direction. Therefore, if the magnetic flux 
density distribution is superior, namely the region in which the magnetic flux density 
is uniform is broad, this means that the detection error generated by the deviation of 
the position of the Hall element 55 can be reduced. Accordingly, it is preferable that 
the separating angle 2 0 60 to 70 degree. 

[70] Further, in comparison with the first embodiment, according to the second 

embodiment, the permanent magnets Ml la, Ml lb, M12a and M12b are disposed 
radially toward the center of the Hall element 55 (Z axis) in order to uniform the 
distribution of the magnetic flux density as shown in Fig. 6. On the other hand, in the 
first embodiment, as shown in Fig. 1, the permanent magnets Mia and Mlb are 
disposed so as to be separated from each other with the predetermined clearance. 
Further, the permanent magnets M2a and M2b are disposed so as to be separated from 
each other with the predetermined clearance. Fig. 9 is a graph inspected by simulation 
and shows a relationship between the magnetic flux density adjacent to the Hall 
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element 16 and the separating distance (clearance) of the permanent magnets Mia and 
Mlb (M2a and M2b) in the first embodiment. As shown in Fig. 9, in case of that the 
permanent magnets Mia and Mlb (M2a and M2b) are separated, in comparison with 
a case which the permanent magnets Mia and Mlb (M2a and M2b) are not separated, 
the magnetic flux density distribution adjacent to the Hall element 16 is decreased. 
Therefore, in the first embodiment, the output of the Hall element 16 is decreased by 
the decrease of the magnetic flux density. 

[71] On the contrary, according to the inspection by simulation based on the 

structures of the second embodiment, as shown in Fig. 10, even though the separating 
angle between the permanent magnets Ml la and Ml lb (M12a and M12b) is 
increased, the decrease of the magnetic flux density is small in comparison with the 
first embodiment. Thereby, in comparison with the first embodiment, it is able to 
reduce the size of the permanent magnet for obtaining the same output value by the 
Hall element 55. Thus, it is able to miniaturize the sensor and it is able to reduce the 
manufacturing cost. Further, as mentioned above, it is able to uniform the magnetic 
flux density distribution at the central portion in the cylindrical portion 53a (near the 
Hall element 55) as shown in Figs. 7 and 8. 

[72] As mentioned above, according to the second embodiment, the following 

effects are obtained. 

[73] (1) In this embodiment, the permanent magnets Ml la and Ml lb (Ml 2a 

and M12b) which are rectangular prism are separated from each other with the angle 2 
9 and are fixed to the cylindrical portion 53a. 

[74] Accordingly, the magnetic flux density distribution on the X axis line and the 

Y axis line (and the Z axis line) in the cylindrical portion 53a in which the Hall 
element 55 is disposed can be uniformed. Therefore, even if the variation of the 
relative position between the Hall element 55 and the permanent magnets Ml la, 
Ml lb, M12a and M12b, so called, an axis deviation on the X axis line and the Y axis 
line generates by the measuring error of the rotational axis portion 12 and so on, the 
mounting error of the Hall element 55 with respect to the permanent magnets Ml la, 
Ml lb, Ml 2a and Ml 2b or the temperature change or the wear, it is able to reduce the 
detection error of the Hall element 55. 

[75] (2) In this embodiment, the form of each of the first, second, third and 

fourth permanent magnets Ml la, Ml lb, M12a and M12b is rectangular prism. 
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Accordingly, it is able to manufacture the permanent magnet inexpensively and easily 
without requiring the high technique and therefore it is able to provide an inexpensive 
rotational angle displacement sensor 21. 

[76] (3) In this embodiment, it is able to ensure the magnetic flux at the central 

portion in the cylindrical portion 53a (near the Hall element 55) without increasing 
the size of each of the permanent magnets Ml la, Ml lb, Ml 2a and Ml 2b. 
Accordingly, it is able to reduce the cost of each of the permanent magnets Ml la, 
Ml lb, M12aandM12b. 

[77] Next, a third embodiment which concretizes the present invention will be 

described with reference to Figs. 1 1 and 12. Fig. 1 1 shows a cross sectional view of a 
rotational angle displacement sensor 31 which converts the change of the vehicular 
height to the change of the rotational angle and which detects the vehicular height. In 
Fig. 1 1, a cylindrical case body 32 includes a partition portion 32a. The upper portion 
of the case body 32 is opened and the lower portion of the case body 32 is opened. 
The upper opening portion is closed by a cover member 33a and the lower opening 
portion is closed by a bearing member 33b. At the left side of the case body 32, a 
connector portion 32b is formed. 

[78] In the case body 32, a rotational axis portion 34 as a rotational member is 

rotatably supported on the bearing member 33b. The lower end of the rotational axis 
portion 34 is projected from the case body 32 and a base portion of a rotational lever 
36 is fixed to the lower end of the rotational axis portion 34. A top end portion of the 
rotational lever 36 is connected to a lower arm of a suspension via a link mechanism 
(not shown). Accordingly, the rotational axis portion 34 is rotated in response to the 
change of the vehicular height. 

[79] At a top end portion of the rotational axis portion 34, a cylindrical yoke 37 

having a bottom portion is fixed thereto. The yoke 37 is made of magnetic material 
and a central axis line of a cylindrical portion 37a of the yoke 37 is coincided with a 
axial center (Z axis) of the rotational axis portion 34. The cylindrical portion 37a 
rotates around the central axis line (Z axis) with the rotational axis portion 34 in a 
body. 

[80] A cylindrical permanent magnet M is fixed on an inner side surface of the 

cylindrical portion 37a. A central axis line of the permanent magnet M is coincided 
with the axial center (Z axis) of the rotational axis portion 34. Accordingly, the 
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permanent magnet M rotates around central axis line (Z axis) with the rotational axis 
portion 34 in a body. The permanent magnet M is magnetized in the same way as the 
prior permanent magnet 54 shown in Figs. 21 and 22. On an outer circumferential 
surface of the permanent magnet M, a circular groove 38 is formed as a magnetic flux 
density distribution correction portion. 

[81] At the center portion of the partition portion 32a, a concave portion which 

projected toward the inside of the cylindrical portion 37a and which is opened upward 
is formed. A Hall element 39 is disposed in the concave portion as a magnetoelectric 
conversion element. A center of the Hall element 39 is coincided with the central axis 
line (Z axis) of the permanent magnet M. Over the partition member 32a, a circuit 
board 40 is disposed and the Hall element 39 is electrically connected to a detection 
circuit element mounted on the circuit board 40. 

[82] When the permanent magnet M rotates around the central axis line (Z axis), 

the relative position between the permanent magnet (N, S poles) and Hall element 39. 
The Hall element 39 detects this change of the relative position (the change of the 
direction of the magnetic flux). The Hall element 39 outputs a detect signal 
corresponding to the variation of the relative position, namely the rotational angle. 

[83] According to the third embodiment, the following effects are obtained. 

[84] (1) In this embodiment, the circular groove 38 is formed on the outer 

circumferential surface of the cylindrical permanent magnet M which is fixed to the 
inner side surface of the cylindrical portion 37a. Accordingly, it is able to uniform the 
magnetic flux density distribution on the Z axis line in the cylindrical portion of the 
permanent magnet M in which the Hall element 39 is disposed by the circular groove 
38. As a result, even if the manufacturing error in the Z axis direction with respect to 
the Hall element 39, it is able to reduce the detection error of the Hall element 39. 

[85] In this embodiment, the circular groove 38 is formed on the outer 

circumferential surface of the cylindrical permanent magnet M. Accordingly, it is able 
to die-cut easily when the permanent magnet M is formed. Therefore, the 
manufacturing becomes easily and the manufacturing cost can be reduced. 

[86] The embodiment of the present invention can be modified as follows. 

[87] In the first and second embodiments, the form of the permanent magnet is 

rectangular prism. However, it is possible to use a permanent magnet whose form is 
cube. 
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[88] It is possible to change the width, thickness and height of the permanent 

magnet. It is able to form the magnetic flux density distribution correction portion of 
the third embodiment on the permanent magnet of the first and second embodiments. 

[89] In the above mentioned embodiments, the cross sectional shape of the groove 

38 is a rectangular shape. However, it is able to form the circular groove 41 whose 
cross sectional shape is half circle as shown in Fig. 13. Of course, it is able to the 
cylindrical magnet M on which the circular groove 42 is formed. 

[90] Further, as shown in Fig. 15, it is able to use the permanent magnet M which 

the circular groove 43 having V cross section is formed on the outer circumferential 
surface. In this case, it is able to change the inclined angle of V cross section of the 
groove 43. Thereby, the magnetic flux density distribution on the Z axis can be 
adjusted to uniform. 

[91] Further, as shown in Figs. 16 and 17, it is able to fix the cylindrical yoke 45 

made of magnetic material as the magnetic flux density distribution correction portion 
to both side portion of the cylindrical permanent magnet 44. In this case, it is able to 
uniform the magnetic flux. 
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